the media of small-and medium-sized vessels in the dermis and subcutaneous tissue. Additional features include pauci-inflammatory intravascular thrombi, intimal hyperplasia, and perieccrine calcification, with perieccrine calcium deposits highly specific to calciphylaxis ( Figure 3 ). 9 Dermal angioplasia and pseudoxanthoma elasticum-like changes are additional histopathologic features reported in calciphylaxis. 10, 11 Diffuse dermal angiomatosis has been reported in association with calciphylaxis, and the extensive proliferation of endothelial cells between collagen fibers in the dermis can mimic a vascular neoplastic process. 12, 13 Subcutaneous pauci-inflammatory thrombogenic vasculopathy has been proposed to be the main pathology 14 while the timing and propensity for development of cutaneous microvascular calcific deposits remain uncertain. 15 Special stains such as von Kossa or Alizarin red can highlight calcium phosphate deposits not seen through routine light microscopy. 8 The prompt appropriate clinicopathologic diagnosis of calciphylaxis is essential to ensure quality care. Early intervention may prevent progression of disease. 16 Calciphylaxis is a painful and debilitating disorder, with high morbidity and mortality. And yet, it remains an underrecognized clinicopathologic diagnosis. 17, 18 At our institution, we have established a calciphylaxis interdisciplinary team consisting of a dermatopathologist, nephrologist, dermatologist, burn surgeon, and pain medicine and rehabilitation specialist to correctly diagnose and treat these patients. 19, 20 Our institution has become a referral center for patients suspected to have calciphylaxis.
In the course of our daily pathology practice, we noted several missed diagnoses on calciphylaxis consultation cases originating from outside institutions. We sought to characterize outside calciphylaxis cases seen at our institution, and investigate challenges in the pathologic diagnosis of calciphylaxis. We sought to evaluate the correlation of performance of special stains, subspecialty training, academic setting, and provided clinical history with accurate interpretations in calciphylaxis cases.
| MATERIALS AND METHODS

This study was reviewed and approved by the Institutional Review
Board of Massachusetts General Hospital (Protocol #002524). We retrospectively reviewed the pathology database of the James Homer Wright Pathology Laboratories of Massachusetts General Hospital for the term "calciphylaxis" as entered in the clinical data, final diagnosis, or comment for inside reports on outside surgical consultation cases.
A review of each patient's medical record was performed. A clinical diagnosis of calciphylaxis was rendered on the basis of skin lesions with painful necrotic ulcers, violaceous patches with surrounding retiform purpura, livedo racemosa, indurated plaques, subcutaneous nodules, dusky discoloration, or hemorrhagic bullae involving adipose-rich skin of the abdomen and thighs or peripheral sites, such as the digits, as assessed by the attending dermatologist. 15 In addition, the use of special stains for infection (e.g., Gram stain, acid-fast bacilli and, fungal stains) was reported. 
| Statistical analysis
| Specimen site
The sites of the 43 specimens from 24 consultation cases were thigh (14) , lower leg (13), chest (6), abdomen (5), flank (2), finger (2), and back (1). The specimen types included biopsy (29) , excision (7), debridement (5), and amputation (2) . Eleven of the 24 consultation cases were received with multiple parts, and 8 of these had specimens obtained at different times. All cases with multiple parts were read at the same institution. The outside and inside pathology data was separately aggregated for each patient (Table 2) , to include the most definitive pathologic diagnosis of calciphylaxis, use of stain in any part, and the most clinical history provided from any part. Time between outside and inside final sign out of all reports was also included in Table 2 . All cases read at our institution were signed out by academic dermatopathologists with board certification and fellowship training in dermatopathology.
| Specimen adequacy of tissue
Seventeen (71%) of 24 cases were described as adequate (e.g., subcutaneous fat present for evaluation). The remaining seven (29%) cases were described as inadequate (e.g., subcutaneous fat not present for evaluation, decalcified upon grossing and/or tissue entirely necrotic) at our institution ( Figure 4 ). All eight specimens from these seven cases were punch biopsy specimens. There was significant correlation between punch biopsy specimen and inadequacy of tissue (P = 0.039).
For the inside pathology report on specimens with adequate tissue, the final diagnosis was consistent with calciphylaxis in 15 of 17 cases and calciphylaxis was on the differential diagnosis in 2 of 17 cases. For inside reports on specimens with inadequate tissue, calciphylaxis was specifically mentioned in the histologic differential diagnosis in six of seven cases, while an "underlying process" could not be ruled out in the remaining case.
For the outside pathology report on specimens with adequate tissue, the final diagnosis was descriptive with no mention of calciphylaxis in 7 of 17 cases. The final diagnosis was consistent with calciphylaxis in 4 of 17 cases and calciphylaxis was on the differential diagnosis in 5 of 17 of these. The case was read as negative for calciphylaxis in one outside report. For outside reports on specimens with inadequate tissue, calciphylaxis was specifically mentioned in the differential diagnosis in five of seven cases and the sign out was descriptive with no mention of calciphylaxis in two of seven cases.
| Rate of false-negative diagnosis
Eight of 17 cases with adequate tissue had a first false-negative pathologic diagnosis of calciphylaxis made in the outside report, indicating a false-negative rate of 47%. For these eight cases, there was an average time of 60 days to final true-positive diagnosis of the inside pathology report. The delay ranged from 9 to 160 days. (Table 3) .
Seventeen of 24 outside reports did not include a von Kossa or
Alizarin red stain. Fourteen of the 17 cases had special stains subsequently performed at our institution. Eight of the 14 cases had a falsenegative diagnosis on the outside, and all 8 received true-positive diagnoses on the inside pathology report after performance of a von Kossa stain, which in all cases showed finely stippled small vessel micro-calcifications not seen on light microscopy alone (Figure 3 ).
| Pathologist clinical training
Eleven of 24 outside pathology reports were signed out by a pathologist with dermatopathology fellowship training. Most (9/11; 82%) of dermatopathologist-read cases had a true-positive diagnosis, while 5/13 (38%) of cases signed out by a pathologist without dermatopathology fellowship training had a true-positive diagnosis. There was a significant correlation between specialized training and a true-positive diagnosis for outside reads analyzed alone (P = 0.047). Clinical history on the requisition form defined as limited if some information present but inadequate (e.g., "lesion," "ulceration"). Table 2 ). All physicians were board certified in their specialty. Of note, most of the cases with inadequate tissue were from cases where the initial referring clinicians was a dermatologist (5/7), while of the specimens with adequate tissue, only 3 of 17 had a dermatologist listed as a referring physician. There was a significant correlation between cases where an initial clinician was a dermatologist and inadequacy of tissue (P = 0.02).
| Specimen site analysis
Fourteen of 43 specimens were obtained from the thigh. Of these, 6 of 14 (43%) were specimens with inadequate tissue. Two of 29 (7%) samples from other sites were inadequate. There was a significant correlation between thigh location and inadequacy of tissue (P = 0.009).
Eight of the 35 specimens with adequate tissue were obtained from the thigh. All eight (100%) had an outside false-negative diagnosis. Seven of 27 (26%) samples from other sites had an outside falsenegative diagnosis, and locations included abdomen (four cases), finger (two cases), and lower leg (one case). There was a significant correlation between thigh location and an outside false-negative diagnosis on specimens with adequate tissue (P = 0.0003).
| Provided clinical history
Sixteen of 24 outside consultation cases had an adequate clinical history provided on the requisition form in at least one part of the case. 
| Special stains for microorganisms
Special stains for microorganisms were performed in 17 of 24 outside consultation cases. Special stains for infection were positive for bacteria and/or fungal forms in 9 of 17 cases (53%). All cases with wound cultures taken at our institution within 60 days of the original pathology specimen and at a similar site to that sample were positive for bacteria and/or fungus. Only one case showed both positive special stains and cultures for infection.
| DISCUSSION
The definitive diagnosis of calciphylaxis requires a high index of clinical suspicion and tissue biopsy confirmation as there are no effective imaging or circulating biomarkers specific for calciphylaxis. 9, 15 To our knowledge, there have been no published articles systematically investigating the rate of missed diagnosis or possible reasons for a missed diagnosis on biopsy. We found a high false-negative rate of calciphylaxis interpretations in outside reports (47%) on specimens with adequate tissue. Of note, this rate is markedly higher in comparison to other dermatopathology diagnoses, including primary melanoma and melanoma sentinel lymph nodes (estimated at 5.6%-21%), and anatomic pathology consultation material in general (0.7% by one study). [22] [23] [24] We also identified a 2-month average time from sign out of false-negative outside pathology report to final true-positive inside pathology report. In a disease for which early intervention is important, and mortality approaches 30% at 6 months and 50% at 12 months, a several-month possible delay in diagnosis could have an impact on clinical course and survival. 6, 25 Interestingly, a high percentage of these specimens obtained at outside institutions had inadequate tissue (7/24; 29%). A significant difference in quality of specimen was identified when the biopsy performed was sent initially from a dermatologist or to a private laboratory. The importance of obtaining a deep sample with subcutaneous tissue needs to be emphasized, as it is critical to the pathologic diagnosis. 26 Particular attention to sampling must be given to specimens obtained from the thigh, as we found significant correlation between thigh location and inadequacy of tissue.
Detection of fine micro-calcifications often requires special stains such as von Kossa. 17 Performing both von Kossa and Alizarin red may increase the detection of calcium deposits over individual stains alone. 9 In our study, we show a significant correlation between the use of special histochemical stain and true-positive diagnosis. Of the 14 cases that received first time histochemical stains for calcium at our institution, 8 had a change of diagnosis from false-negative to true-positive. Thus, the von Kossa stain appears to be a useful diagnostic adjunct. This finding raises two issues of vital importance. First, General pathologists are often successful in identifying cases for which dermatopathology consultation is most useful. 31 However, initial awareness and recognition of calciphylaxis by the general pathologist is crucial to expedite diagnosis. We found significant correlation in outside reports between dermatopathology fellowship training and a true-positive diagnosis. This phenomenon has been previously identified in other dermatopathology diagnoses, with dermatopathology fellowship training associated with a substantial decrease in major diagnostic discrepancies. 31 Problematic areas in the interpretation of skin biopsies by pathologists without dermatopathology fellowship training may be targeted by continuing educational activities. 32 Exceptional diligence must be taken in cases from the thigh location, as we found significant correlation between this site and a false-negative outside diagnosis.
Additionally, our data show that many calciphylaxis cases had concomitant bacterial and/or fungal infection, which negatively impacts patient morbidity and mortality. 6 This suggests that it is important to remain vigilant in the use of special stains for microorganisms and recommending microbial culture to detect microorganisms.
Finally, awareness of factors related to diagnostic error in calciphylaxis cases is essential. These include optimal sampling, increased awareness of the entity, additional training, and use of special stains to identify calcium. This is particularly relevant as the chronic kidney disease population is steadily growing and early data from the national-level database in the United States suggest that the incidence of calciphylaxis is on the rise. 33 Diagnoses such as Mönckeberg's medial calcific sclerosis, atherosclerotic peripheral vascular disease, oxalosis, thrombotic skin diseases, and many others are in the histologic differential diagnosis. Limitations of this study include a built-in bias regarding our natural language search method. We retrospectively reviewed the pathology database for the term "calciphylaxis" as entered in the clinical data, final diagnosis, or comment field on inside reports generated on outside surgical consultation cases. Thus, we may have missed identifying patients with calciphylaxis if the inside pathology reports did not include the word "calciphylaxis." As such, this study would not include all patients with a diagnosis of calciphylaxis at our institution that underwent review of consultation pathology material. Consultation cases for which the diagnosis was suspected may have also been missed if the term calciphylaxis was not used in the final pathologic diagnosis. There is also a referral bias in this study, with patients having been selected based on glass slides being received for secondary diagnosis by a pathologist at a tertiary academic medical center. In addition, this is a single center retrospective study.
Further studies evaluating false positive and true negative consultation cases and challenges in histologic diagnosis of calciphylaxis may be warranted. Additional studies evaluating whether additional sectioning of the blocks improves diagnostic accuracy could be performed. Furthermore, a larger prospective study with more nondermatopathology fellowship trained and nonacademic pathologist signedout cases would be useful to avoid confounding factors in the evaluation of the utility of special histochemical staining for calciphylaxis among these pathologists specifically. Finally, there is no gold standard to the histologic diagnosis of calciphylaxis, and this is an area of ongoing research. 10, 11 Additional studies are needed to validate the pathologic diagnostic criteria.
In summary, we have identified a high false-negative rate in the pathologic diagnosis of calciphylaxis at outside sites. We have established that histochemical staining for calcium deposits and dermatopathology fellowship training are each significantly correlated with correct diagnosis (Table 3) . Although there are limitations to a singlecenter retrospective study, these results indicate that increased awareness of the disease and accessibility to special stains is needed among physicians to improve diagnostic accuracy.
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